. Although there is some evidence for the former 7, 8 , there are no unambiguous findings so far about the occurrence of giant impacts in an exoplanet system. Here, we characterize the two innermost planets of the compact and nearresonant system Kepler-107 (ref.
, which match the mass and radius of Kepler-107c.
The Kepler space telescope discovered the four sub-Neptune-sized planets Kepler-107b, c, d and e (ref. 9 ), which transit (that is, pass in front of) their host star and have orbital periods (P) of 3.180, 4.901, 7.958 and 14.749 d, respectively. The four planets form a compact near-resonant system with period ratios close or almost equal to ratios of small integers, specifically P c /P b =1.541 (~3:2), P e /P c =3.009 (~3:1), P d /P b =2.503 (~5:2). The near resonances imply that the Kepler-107 planets likely formed further out and then migrated inward getting trapped into resonances during the migration process 11 . The orbital eccentricities of all four planets were determined to be low, consistent with zero 12 , as expected from both dynamical stability criteria and orbit circularization times for Kepler-107b and c (see Methods). Despite the proximity to resonances, no significant transit timing variations from gravitational planet-planet interactions could be detected for any planet 13 , preventing the direct determination of planetary masses from the Kepler light curve alone. To determine the planet masses, and hence their bulk densities, we observed Kepler-107 from 2014 June 21 to 2017 April 22 with the fibre-fed high-resolution (R=115,000) HARPS-N spectrograph 14 at the Telescopio Nazionale Galileo in La Palma. Our time series with 114 radial velocities has a scatter of 6 m s -1 and shows two significant periodicities at 4.9 d and at about 14 d (see Methods and Supplementary Figs. 5 and 6). The former is straightforwardly attributed to the Doppler signal induced on the star by the second inner planet Kepler-107c; the latter is likely related to stellar magnetic activity variations though at low level, as shown by the low amplitude of Kepler flux variations (see Methods and Supplementary Fig. 2 ). From the 114 HARPS-N spectra we determined the stellar atmospheric parameters (see Table 1 and Methods). Even though the parent star is richer in iron than most of the stars that are known to host low-mass planets 15 , it does not present an overabundance of iron relative to Si and Mg having solarlike Fe/Si and Mg/Si photospheric ratios (see Methods and Supplementary Table 3 ). To determine the stellar fundamental parameters (radius, mass and age) we performed a detailed asteroseismic analysis with all the available Kepler short-cadence data. We extracted the frequencies for individual modes of stellar oscillations from the power density spectrum of the Kepler light curve (see Methods and Supplementary Fig. 4 ). We modelled them with the BAyesian STellar Algorithm 16 and found M ✶ =1.238±0.029 M ⊙ , R ✶ =1.447±0.014 R ⊙ , ρ ✶ =0.574±0.029 g cm -3 , logg=4.210±0.013 (cgs), in agreement with the spectroscopic value within 1σ, and an age t= 4.29 −0.56 +0. 70 Gyr (see Methods). These parameters are consistent with those that were previously determined 17 but are more precise and accurate. By using the constraint on the stellar density as provided by our asteroseismic analysis, we modelled the transits of the four Kepler-107 planets ( Supplementary Fig. 1 ) and derived their radii and associated uncertainties by employing a differential evolution Markov chain Monte Carlo Bayesian technique 18 (see Table 1 and Methods). We confirm the absence of significant transit timing variations (see Methods and Supplementary Fig. 8 ).
In the same Bayesian framework, we modelled the HARPS-N radial velocities with four Keplerians by using the updated ephemerides from the transit fitting, and an additional sinusoid to account for the activity signal at ~14 d (see Fig. 1 and Methods). More sophisticated models to take the activityinduced correlated noise into account 19 provided very consistent results (see Methods and Supplementary Table 2 ). The radial velocity semi-amplitudes and derived planetary masses are listed in Table 1 . Only an upper limit could be established for the mass of Kepler-107d because its Doppler signal is undetected due to its expected low mass and its orbital period longer than planets b and c. The positions of the Kepler-107 planets in the radius-mass diagram of small planets with a bulk density measured better than 3σ are shown in Fig. 2 ( Table 1 ). According to theoretical models of planetary interiors 20 , both Kepler-107b and c are consistent with a rocky composition. However, Kepler-107c appears Mercury-like in composition and has an iron fraction that is at least a factor of two greater than that of Kepler-107b. Kepler107c's iron core makes up ~70% of its mass, with the silicate mantle making up ~30% (see Methods). Kepler-107d could also be rocky, while Kepler-107e is a mini-Neptune containing a significant fraction of volatiles in the form of a thin H/He envelope and/or water ice (see Fig. 2 and Methods). Unlike the pair of Kepler-36 neighbouring planets 21 , the difference in planetary density between Kepler-107b and c cannot be explained by atmospheric escape (or photoevaporation) caused by the high XUV stellar irradiation. This irradiation may partially or totally strip the gaseous H/He envelopes of mini-Neptunes at close distances from the star and thus may yield a diversity in exoplanet bulk densities 7 . However, it cannot be responsible for the observed dissimilar densities of Kepler-107b and c because it would have led to a higher density for Kepler-107b than for Kepler107c (see Methods), which is at odds with our results. Alternatively, the difference in density of the two inner planets can be explained by a giant impact on Kepler-107c that removed part of its mantle, significantly reducing its fraction of silicates with respect to an Earth-like composition 22 . The radius and mass of Kepler-107c, indeed, lie on the empirically derived collisional mantle stripping curve for differentiated rocky/iron planets 10, 23 (grey dashed line in Fig. 2 ). Smoothed particle hydrodynamics simulations show that a head-on highspeed giant impact between two ~10 M ⊕ exoplanets in the disruption regime would result in a planet like Kepler-107c with approximately the same mass and interior composition (see Fig. 3 and Methods). Such an impact may destabilise the current resonant configuration of Kepler-107 and thus it likely occurred before the system reached resonance. Multiple less-energetic collisions may also lead to a similar outcome 24 .
Other planets with a Mercury-like composition such as K2-106b (ref. 25 ) and K2-229b (ref. 3 ) have been recently discovered. However, they are all the innermost planets in their systems and thus alternative mechanisms to the giant impact scenario may have given rise to their high iron content, for instance mantle evaporation for the hottest planets 3 or photophoresis and disc aerodynamic fractionation yielding a depletion of silicates in the inner regions of the protoplanetary disc 26 . These other processes cannot explain the dissimilar densities of Kepler-107b and c (see Methods). An alternative explanation might be that planet c formed closer to the parent star than planet b and afterwards crossed its orbit; if so, the iron-rich composition of Kepler-107c might actually be related to formation in the silicate-poor inner region of the protoplanetary disc 26 with no need to invoke a giant collision. However, this orbit crossing should have occurred before the dispersal of the disc, so that the resulting eccentricities could have been damped. Given the relatively large mass of planet c, it seems unlikely that there would have been sufficient time for such a scenario to operate, or that it may have occurred without the eccentricities of the lower-mass planets becoming large enough to destabilize the system. Giant impacts are thought to have occurred in our Solar System and have been invoked to explain the composition of Mercury 27 , the origin of the Earth-Moon system 28 and the high orbital obliquity of Uranus 29 . We have shown that they likely occurred in the exoplanetary system Kepler-107 and shaped the compositional properties of its two inner planets. If catastrophic disruption impacts occur frequently, we predict a clustering of small exoplanets along the maximum-collisional stripping curve 10 in the mass-radius diagram, as an increasing number of exoplanets are characterized with precise radius and mass determinations. 0.06064 ± 4.7x10 -4 0.08377 ± 6.5x10 -4 0.12639 ± 9.9x10 ) are shown at four snapshots in time perpendicular to the impact plane. The strips display composition (top), density (middle) and temperature (bottom). The impactors have identical initial composition consisting of 70% forsterite mantle and 30% iron core by mass. The middle two frames show a cross-sectional cut through the pancake structure created by the impact. The majority of the material is vaporised during the impact. The largest post-collision remnant has a bound mass of 8.2 M ⊕ with a material composition of 36% forsterite and 64% iron, which is consistent with both Kepler-107c mass and composition within 1σ. The post-collision remnant is significantly inflated and still cooling at the end of the simulation (last frame). Correspondence and requests for materials should be addressed to A.S.B.
METHODS
Kepler light curve, transit detection and stellar variability. We downloaded the Kepler light curves extracted by both the Simple Aperture Photometry (SAP) and Pre-search Data Conditioning (PDC) pipelines with long-cadence (29.42 min) and shortcadence (58.8 s) sampling 31 . Photometric data were gathered over 4 years, from 2009 May 2 to 2013 May 11, in Kepler quarters (i.e., three-monthly intervals) 0-6, 8-10, 12-14, 16-17 in long cadence and, starting from quarter 3, in short cadence as well. We performed a low-pass filter of the PDC short-cadence light curve and searched for transits following ref. 32 ; we could thus confirm the previously detected transit signals 9 and found no additional transiting companions. The long-cadence PDC light curve with transits removed shows a peak-to-peak amplitude of 0.1%, with a maximum of ~0.2% between 1100 and 1300 BJD TDB -2,454,900 ( Supplementary Fig.  2 ). We performed a weighted autocorrelation function of this light curve finding the highest, though low-amplitude, peak at ~14 d (Supplementary Fig. 3 ). This peak might be the stellar rotation period P rot , which would be consistent with the upper limit given by the projected rotational velocity Vsini (Table 1) assuming an edge-on stellar equator, that is,
(3σ). No additional information on P rot could be extracted from the stellar activity indicators (see below).
Asteroseismic analysis of Kepler data.
To perform the asteroseismic analysis on all the available short-cadence Kepler data, we first corrected them using the KASOC 33 and KADACS 34 filter pipelines. We then computed the power density spectrum from a weighted least-squares sine wave fitting, which was single-sided calibrated, normalized according to Parseval's theorem, and converted to power density by dividing by the integral of the spectral window 35 . We performed a Bayesian peak-bagging analysis to extract the frequencies for individual modes of oscillation, following the methodologies outlined in refs. 36-38. To define the priors for the mode frequencies, we derived initial guesses by hand from smoothed versions of the power density spectrum using the estimated value for the large frequency spacing ( Δ ν ), together with an approximate value for the dimensionless offset ( ε ) for a proper mode identification 39 . Given the low signal-to-noise ratio (S/N) of the oscillation power, we imposed Gaussian priors on the oscillation mode linewidths based on the empirical relation for linewidth as a function of frequency given in ref. 39 ; if uninformative priors are used at the S/N observed for this star, one simply risks fitting noise spikes near the initial guess for the mode frequency. Following the procedure described in ref. 40 , we calculated for each fitted mode a metric for the quality of the fit which was adopted in the stellar modelling efforts to decide on the number of modes to include in the analysis. Supplementary Fig. 4 shows the power density spectrum of Kepler-107 together with the best fitting model spectrum from the peak bagging.
Stellar parameters.
Our HARPS-N spectra were reduced with the online Data Reduction Software and used to determine the stellar atmospheric parameters, that is T eff , logg, [Fe/H], with two different techniques: the first one relies on the measure of the equivalent widths of a set of iron lines 41 , while the second one compares the observed spectra with a library grid of synthetic template spectra 15 . The two methods provided fully consistent parameters and we took the averages of their values and error bars as the final parameters and uncertainties ( Table 1 ). The latter technique also allowed us to estimate the stellar projected rotational velocity Vsini=3.6±0.5 km s -1 . Moreover, we derived the stellar abundances relative to the Sun (Supplementary Table 3 ) by using the same method as in ref. 42 and the solar abundances in ref. 43 . We determined the host star physical parameters, that is density, radius, mass and age (Table 1) , by fitting the peak-bagged oscillation frequencies to asteroseismic predictions from stellar evolution models with the BAyesian STellar Algorithm 16 . Briefly, we constructed a fine grid of stellar tracks using the GARching STellar Evolution Code 44 and computed the associated theoretical frequencies of oscillation with the Aarhus adiabatic oscillation package 45 . The adopted input physics includes microscopic diffusion of helium and heavy elements following prescription and overshooting given in ref. 46 and based on the model by ref. 47 . To avoid the influence of the so-called surface effect in our calculations 48 , we chose to reproduce ratios of oscillation frequencies that have been shown to minimize the influence of the outermost stellar layers (see, for example, ref. 49 and references therein). The derived stellar radius, R ✶ =1.447± 0.014 R ⊙ agrees within 1σ with that determined from the Gaia parallax 30 , that is R ✶ =1.45± 0.06 R ⊙ , but is significantly more precise.
Radial-velocity observations and modelling.
In total we gathered 120 HARPS-N spectra by using typical exposure times of 30 min. The radial velocities (RVs) were extracted from the HARPS-N spectra by performing a weighted cross correlation with a numerical spectral mask of a G2V star 50 and have a median uncertainty of 4.5 m s -1 . Twenty-two RVs were contaminated by moonlight and were corrected with the method described in ref. 51 . Four measurements were discarded because of low S/N, which yields RV uncertainties larger than 10 m/s; two more RV points were identified as outliers on the basis of Chauvenet's criterion and also excluded. Our RV time series thus contains 114 RV measurements that passed these criteria, and is shown in Supplementary Fig. 5 . The RVs, their epochs and uncertainties are listed in Supplementary Table 4 along with the measurements of activity indicators such as the full-width at half maximum (FWHM) and the bisector (BIS) of the averaged line profile 52 , which were computed from the cross-correlation function, and the logarithm of the R' HK parameter defined as the ratio of the chromospheric emission in the cores of the CaII H and K lines to the stellar bolometric emission 53 . We searched for periodic signals in the RV and activity indicator time series by using Generalised Lomb-Scargle (GLS) periodograms 54 and taking the measurement uncertainties into account. The obtained power spectra along with the false alarm probabilities 54 and the spectral window are shown in Supplementary Fig. 6 . In the RV time series the most significant periodicities are found at 4.899±0.003 d and 13.79±0.03 d. The peak at 4.9 d corresponds to the orbital period of Kepler-107c as determined from the observation of its transits in the Kepler light curve, and this RV signal is indeed in phase with the orbital ephemeris of Kepler-107c (see top-right panel in Fig. 1 ) as we expect if it is planetary in origin. The peak at 13.8 d is accompanied by a close peak at 14.30±0.03 d which falls at the secondary peak of the spectral window; therefore, one of the two close peaks is the alias of the other. Regardless of the ambiguity, this periodicity at ~14 d is likely related to stellar activity because it does not correspond to any of the transit periods and is compatible with the highest peak in the autocorrelation function of the Kepler light curve (Supplementary Fig. 3 ). Other peaks that are just above the significance threshold in Supplementary Fig. 6 (top panel) disappear as soon as the 4.9 d and 13.8 d signals are removed from the original dataset and are thus aliases as well. No significant periodicities are found in the activity indicator measurements at the RV peaks ( Supplementary Fig. 6 ) and there are no significant correlations between activity indices and RVs. In general, the host star is not active with a median value of log(R' HK ) equal to -5.08±0.14 dex. To determine the RV semi-amplitudes of the four Kepler planets and hence their masses, we modelled the RVs with four non-interacting Keplerians, an additional sinusoid to take the activity signal at ~14 d into account, the systemic radial velocity, and an RV uncorrelated jitter term to account for extra noise as in ref. 55 . We first adopted circular orbits for all the four planets; indeed, the orbit circularization times of the innermost planets Kepler-107b and Kepler-107c due to tidal dissipation inside the planets 56 rocky planets (and likely overestimated for Mercury-like planets), we find circularization times of 0.13 and ~1.7 Gyr for planets b and c, respectively. We also adopted circular orbits for Kepler107d and Kepler-107e in the absence of any useful constraint on the orbital eccentricity from RVs, given the non-detection of the Kepler-107d Doppler signal and the low-amplitude of that of Kepler107e. This is a reasonable assumption given that N-body dynamical simulations we ran for 10 Myr, using the Mercury6 code 58 with the masses shown in Table 1 , indicate that the eccentricities of planets d and e must be lower than 0.15 to achieve dynamical stability. Eccentricities consistent with zero for all four planets were also found from Kepler photometry uniquely 12 . The posterior distributions of the 17 free parameters were obtained in a Bayesian framework by employing a differential evolution Markov chain Monte Carlo tool (DE-MCMC), following the prescriptions given in refs. 18 and 59 and, in particular, running 34 chains (twice the number of free parameters). Uninformative priors with reasonably large bounds were imposed on all the parameters except for the transit mid-times and periods of the four planets for which Gaussian priors were set from Kepler photometry (Supplementary Table 1 ). The medians and the 15.86% and 84.14% quantiles of the posterior distributions were taken as the best values and 1σ uncertainties, and are reported in Table 1 and Supplementary Table 2 . Very consistent results on orbital parameters and planetary masses are achieved when including the six discarded RVs and/or without performing the moonlight correction. We also fitted the RVs by employing a Gaussian process (GP) regression 60 with a quasi-periodic kernel to model the contribution due to the stellar variability following ref. 19 . We used the MultiNest v3.10 Bayesian inference tool 61 with the same implementation as in ref. 62 to sample the parameter space and derive the posterior distributions for the 18 model parameters. The latter are the orbital parameters (period, transit time, RV semi-amplitude) of the four Kepler-107 planets, the systemic RV, the uncorrelated jitter term and the four GP covariance hyper-parameters, that is, the amplitude h of the correlations, the periodicity θ which can be related to the stellar rotation period, the length scale w of the periodic component and the correlation decay time scale λ, which can be associated with the lifetime of active regions (see equation 1 in ref. 19 ). The adopted prior distributions for each fitted parameter are listed in Supplementary Table 1. We used 800 random walkers (live points) and set the sampling efficiency parameter to 0.5. The RV semi-amplitudes and their 1σ uncertainties obtained with both the GP analysis and the sinusoidal-activity model are fully consistent (Supplementary Table 2 ). However, some of the GP hyper-parameters, such as the λ, w and, to a lesser extent, h parameters are not well constrained. Nonetheless, we note that the θ parameter is quite well confined, close to the expected ~14 d activity signal periodicity, even if the used uniform prior interval was large enough, that is [12, 16] To evaluate the possible effects of low but non-zero eccentricities on the recovered RV semiamplitudes and hence on the planetary masses, we re-did the DE-MCMC orbital fit by letting the eccentricity of the four planets vary, though with reasonable priors. Specifically, we imposed Gaussian priors with zero mean and standard deviation σ e =0.05 on the eccentricities of Kepler-107b and c, and Rayleigh priors with σ e =0.04 for the two outer planets 64 . The derived RV semiamplitudes K b =1.32±0.57, K c =3.08±0.58, K d <1.08 and K e =1.89±0.83 m s -1 are indistinguishable from those obtained with circular orbits (Table 1) . As a further investigation, we checked that the use of non-interacting Keplerians is accurate enough. To this end, we compared the planetary Doppler signals computed with both non-interacting and interacting Keplerians using the TRADES code 65 . The maximum difference between the two models is about 5 cm s -1 and is thus completely negligible. The mass of Kepler-107c, M p,c , has been determined with a relative uncertainty of 19% (better than 5σ), while that of Kepler-107b (M p,b ) with an uncertainty of 43% given that photon-noise RV error bars are on average ~3.5 times higher than the RV semi-amplitude of planet b. According to these uncertainties, the probability that M p,b and M p,c would differ by chance is 0.6% and 0.1% for the sinusoidal-activity and GP models, respectively. To further show that M p,b must be considerably lower than M p,c despite its low precision, we simulated artificial RV time series by (1) injecting at the observation epochs the Doppler signal of Kepler-107b for three different mass values: (2) adding the Doppler signals of planets c and e as well as the 13.8 d activity signal with their semi-amplitudes as reported in Table 1  and Supplementary Table 2 ; and (3) shifting each RV point generated from the previous steps, following a normal distribution with mean and standard deviation equal to the RV value and its 1σ error bar. In this way, for every mass value of Kepler-107b we simulated 500 RV time series with different noise realisations and computed their GLS periodogram. The averaged periodograms for each simulated M p,b value are displayed in Supplementary Fig. 7 . These artificial periodograms clearly show that M p,b is lower than M p,c by at least a factor of ~2, as found by the Bayesian analyses, otherwise the power at P b would have been greater than observed (top panel), and even higher than the peak at P c for M p,b =M p,c (second top panel).
Transit fitting and planetary parameters.
To perform the transit fitting, we treated the SAP short-cadence light curve as in ref. 66 and used the transit model of ref. 67 . For each planet we fitted for the transit epoch, the orbital period, the transit duration, the radius ratio R p / R ✶ , the orbital inclination, and the limb-darkening coefficients q 1 =(u 1 +u 2 ) 2 and q 2 =0.5 u 1 /(u 1 +u 2 ) (ref. 68) , where u 1 and u 2 are the coefficients of the limbdarkening quadratic law 69 . We used circular orbits for all the planets as for the RV modelling. We imposed a Gaussian prior on the stellar density following, for example, ref. 70 , by taking advantage of the very precise and accurate value derived from the asteroseismic analysis of Kepler data ( ρ ✶ =0.574±0.029 g cm -3 ). No bounds were set on the transit parameters except for the q 1 and q 2 parameters for which intervals of [0, 1] were adopted 68 . The posterior distributions of the free parameters were obtained with the same DE-MCMC technique as above and were used to derive the medians and 1σ confidence intervals, which are reported in Table 1 except for q 1 and q 2 which were found to be 0.67 ± 0.10 and 0.56 ± 0.12, respectively. The derived radii of planets b, c and e are fully consistent (within 1σ) with those which were previously determined in ref. 12 ; for planet d we found a slightly smaller radius. The planetary orbital and physical parameters were determined by combining the posterior distributions of the stellar, RV and transit parameters, and are also listed in Table 1 . Moreover, we computed the transit timing variations (TTVs) for each planet with the short-cadence data in the same Bayesian framework. Because of the low S/N of the individual transits, in particular for planets b, c and d, we fitted to each transit the model obtained with the whole light curve by letting only the mid-transit time vary. The Observed-Calculated (O-C) transit times of planets b, c and e showing no significant variations from a constant ephemeris are displayed in Supplementary Fig. 8 . Those of planet d could not be determined because of the very low S/N of the individual transits (see Supplementary Fig. 1, bottom-left panel) , preventing the DE-MCMC chains from achieving proper convergence in a single transit fitting, and are not shown. Our non-detection of transit timing variations is in agreement with the results of ref. 13 . Using the formalism from ref. 71 , one can estimate the expected TTV amplitudes due to neighbouring planets with e≈0 . Planet b's TTV amplitude is expected to be ~3 min due to planet c; the TTV amplitude of planet c is ~2 min from planet b and also ~2 min from planet d, using the RV measured (or upper limit) masses. The interior planets have average TTV uncertainties of 25 min and hence the nondetection of TTVs is not surprising. We also ran a photodynamic MCMC 72 to determine the upper limits of the masses allowed with the observed transit data. We find upper limits of 22, 24, 8.6 and 22 M ⊕ for planets b, c, d and e at the 1σ level, which are all significantly higher than the masses and upper limits measured via RVs (Table 1) .
Planetary composition.
The equation-of-state data allow calculations of planet average densities under self-gravitational compression and further constrain planet bulk compositions and internal structures following the methods in ref. 20 . The Earth-like composition is assumed to be 32.5 wt.% (weight percent) Fe/Nimetal plus 67.5 wt.% MgSiO 3 -rock, fully differentiated into a bi-layer core-mantle structure. 32.5%
of Fe/Ni-metal by mass is consistent with both the general cosmic element abundance (number) ratio of Mg:Si:Fe being close to 1:1:1 and the Fe/Si and Mg/Si ratios derived from the host star abundances (Supplementary 74 in nebula; therefore, it is rather difficult to alter these ratios in the planet composition through merely temperature effects in the protoplanetary disc, and in particular for the Kepler-107 system where the outer planet (c) is denser than the inner one (b). A special scenario such as a giant impact must be invoked to account for that. Together, Fe/Ni-metal and Mg-silicates comprise about half a percent of the nebula mass in a solarmetallicity nebula. Differentiation is expected to occur on all rocky objects during their formation due to melting or partial melting from the energy of early radioactive elements and accretion heat. H 2 O is assumed to be in solid form along the melting curve (liquid-solid phase boundary). The 50% H 2 O curve in Fig. 2 corresponds to an Earth-like composition with exactly equal mass of H 2 O on top. The ices that condensed out of the nebula are expected to be a mixture of H 2 O-NH 3 -CH 4 . The condensation of ices is expected to occur near icelines. If all H 2 O ice condenses out of the gas phase, it is about equal mass as Fe/Ni-metal plus Mg-silicates, that is, another half a percent of the uncondensed nebula by mass. And if NH 3 -CH 4 -clathrate-ices all condense out, it is yet another half a percent of the uncondensed nebula by mass. The mass-radius curve of H 2 O-NH 3 -CH 4 mixture is expected to be very similar to that of pure H 2 O . The H 2 -He gaseous content is assumed to be a cosmic mixture of 75% H 2 and 25% He by mass. Changing the metallicity of the host star and thus of the nebula, given that the star Kepler-107 is metal-rich, will change the total amount of condensed materials with respect to H 2 -He gas, but it will not change the relative mass ratio of Fe metal versus Mg silicates, H 2 O ice, NH 3 -CH 4 -clathrate-ices, as this ratio is ultimately dictated by the cosmic nuclear synthesis processes occurring in giant star interiors and supernovae over the history of our Milky Way galaxy.
Planetary evolution and escape simulations.
Planetary evolution models were run using the coupled structure, thermal evolution and photoevaporation model of ref. 75 . As the inner planets in the system are all consistent with bare rocky compositions, while the mass and radius of planet e require that it has a significant gaseous envelope, for our simulations we assumed that these planets initially formed with solar composition hydrogen and helium envelopes atop rock and iron cores. We then calculated the mass, radius and composition evolution of each planet due to thermal cooling and atmospheric escape from XUVdriven photoevaporative escape. For a given planet composition and a given star, a planet's vulnerability to photoevaporative escape scales roughly as F p M core −2 (ref. 21) , where F p is the incident bolometric flux that a planet receives from its parent star and M core is the planet core mass. As a result, the relatively low masses and high irradiations of planets b and d mean that they are the most vulnerable to atmospheric escape, followed by planet c. At ~8.6 M ⊕ and 14.75 d, however, planet e is massive enough and far enough out that it is not nearly as vulnerable to photoevaporation, consistent with the fact that it appears to have retained a gaseous envelope. Assuming an Earth-like core, we estimate that Kepler-107e should have ~3% of its mass in a gaseous H/He envelope today and that only had ~5% when it initially formed. On the other hand, due to its higher irradiation Kepler-107c could have easily lost ã 5% envelope in its first Gyr and planets b and d significantly more than that. While photoevaporation may explain the overall density contrast between the inner three planets and planet e, it cannot explain the contrast between planets b and c. Planet b is more than an order of magnitude more vulnerable to photoevaporation than c, mostly because of its lower mass, and yet it is planet c that appears to be denser and much more iron-rich. Additionally, we note that at just 1400 K, Kepler-107c is below the vaporization temperature of most silicate species 76 , suggesting that vaporization and escape of the silicate mantle is unlikely to be responsible either. Indeed, silicate atmospheres do not experience any significant escape until they reach temperatures >2000 K (ref. 77) , hotter than any of the planets in this system. Moreover, while the exact scaling may be different for other processes such as outgassing and escape from silicate atmospheres 77 or minor impact erosion 78, 79 , all escape processes should be more effective for planet b than c, as it is both more irradiated and less gravitationally bound. This qualitative fact alone suggests that the high density of planet c is unlikely to be due to a gradual escape process that affected all planets in the system consistently and must instead be due to a stochastic mechanism such as a giant impact.
Giant impact simulations.
A range of smoothed particle hydrodynamical simulations were run at various impact speeds using a modified version of GADGET2 80 . We focused on head-on and nearly head-on equal-mass disruptive events because these are generally the most efficient at stripping outer layers 22 . The thermodynamic properties of the different materials were calculated at each step from a tabulated equation of state 23, 81 , and the initial thermodynamic profiles were determined following ref. 82 . Each initial impactor had a resolution of 10 5 particles. The post-collision bound mass was calculated by taking the particle closest to the potential minimum as a seed, then iteratively calculating which additional particles were gravitationally bound to the current set. This process continued until the mass difference between iterations was below a 10 -7 set tolerance 83 . We find that we can significantly change the mantle-core ratio of the target as a result of a single high-energy impact, an example of which is shown in Fig. 3 . Such an impact could take a planet that originally was dominated in mass by mantle (something like planet b) and convert it into a planet dominated in mass by core (similar to planet c). Multiple energetic collisions may yield a similar outcome 24 but, given the large variety of possible configurations, their simulation goes beyond the scope of the present work.
Data availability
The RV data that support the findings of this study and have been used to produce some of the plots are available in the Supplementary Information. Kepler data are available at the Mikulski Archive for Space Telescopes (https://archive.stsci.edu/kepler/). 
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